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2SWLPDO IHDWXUH VHW SDUWLWLRQLQJ 2)63PHWKRGREWDLQV D IL[HGQXPEHURI YLHZVRI WKHGDWDVHWV7KLVPHWKRG
XWLOL]HV WKHFODVVLILFDWLRQDOJRULWKPWRYDOLGDWH WKH LQGLYLGXDOYLHZ ,WREWDLQV WKHEORFNVRI UHOHYDQWDQG LUUHOHYDQW
IHDWXUHVWREHXWLOL]HGE\0(/7KHUHIRUHDQDO\VLVRIDYLHZSODFHKDVUHGXFHGGLPHQVLRQDOLW\LQWKHLQVWDQFHVSDFH
7KHDLPRIWKH2)63PHWKRGLVWRRSWLPL]HPD[LPL]HWKHFODVVLILFDWLRQRILQGLYLGXDOYLHZVWRZDUGVFRPSDULQJWKH
RYHUDOO DFFXUDF\ RI WKH HQVHPEOH RI FODVVLILHUV 7KH QRYHOW\ RI WKH 2)63 PHWKRG KDV EHHQ H[SORUHG LQ KLJK
GLPHQVLRQDOGDWDVFHQDULRXVLQJ.111%DQG690FODVVLILFDWLRQDOJRULWKPV7KLVZRUNH[SORUHVWKHH[SHULPHQWDO
DQDO\VLVRI2)63PHWKRGIRU0(/([SHULPHQWVKDYHEHHQFDUULHGRXWRQWZHOYHORZGLPHQVLRQDOGDWDVHWVZKHUH
.111%DQG690FODVVLILFDWLRQDOJRULWKPVDUHXVHG WR LQGXFHFODVVLILHUV IRU WKHYLHZV 7KHPHWKRGKDVEHHQ
FRPSDUHG ZLWK WZR VWDWHRIDUW IHDWXUH VHW SDUWLWLRQLQJ PHWKRGV 7KH UHVXOWV DQG WKHLU QRQSDUDPHWULF VWDWLVWLFDO
DQDO\VLVVKRZWKDWWKH2)63PHWKRGKDVEHHQRXWSHUIRUPHGLQORZGLPHQVLRQVLWXDWLRQ
7KLV SDSHU LV RUJDQL]HG DV IROORZV 6HFWLRQ GHVFULEHV WKH UHODWHGZRUN0XOWLYLHZ HQVHPEOH OHDUQLQJ XVLQJ
RSWLPDO IHDWXUH VHW SDUWLWLRQLQJ LV GHVFULEHG LQ 6HFWLRQ 6HFWLRQ KDV SUHVHQWHG D GHVFULSWLRQ RI WKH GDWDVHWV
H[SHULPHQWDOGHVLJQDQGUHVXOWV7KHUHVXOWVDQG WKHLUVWDWLVWLFDO WHVWVDUHDQDO\]HG LQ6HFWLRQ)LQDOO\6HFWLRQ
KDVWKHFRQFOXVLRQDQGIXWXUHUHVHDUFK
5HODWHG:RUN
0XOWLYLHZ OHDUQLQJ KDV EHHQ XWLOL]HG IRU WKH VXSHUYLVHG OHDUQLQJ >    @ FOXVWHULQJ >@ VHPL
VXSHUYLVHG OHDUQLQJ >@ GLPHQVLRQDOLW\ UHGXFWLRQ >@ HQVHPEOH OHDUQLQJ >@ DFWLYH OHDUQLQJ >@ HWF0XOWL
YLHZ OHDUQLQJ KDV IROORZHG WZR SULQFLSOHV QDPHO\ FRQVHQVXV DQG FRPSOHPHQWDU\ >@ 7KH FRQVHQVXV SULQFLSOH
PD[LPL]HV WKH DJUHHPHQWV DPRQJ WKH FODVVLILHUV DQG FRPSOLPHQWDU\ SULQFLSOH XWLOL]HV WKH FRPSOLPHQWDU\
LQIRUPDWLRQRILQGLYLGXDOYLHZVRIWKHGDWDVHW>@
7KHUHDUHWZRPDLQVWHSVRI0(/ZKLOHOHDUQLQJILUVWWKHYLHZJHQHUDWLRQDQGVHFRQGDQHQVHPEOHRIOHDUQHG
FODVVLILHUV >@  7R FRQVWUXFW WKH YLHZV RI WKH GDWDVHW D QXPEHU RI PHWKRGV KDYH EHHQ SURSRVHG ZKLFK DUH
FDWHJRUL]HGVXFKDV UDQGRPEDVHGYLHZFRQVWUXFWLRQSHUIRUPDQFHEDVHGYLHZFRQVWUXFWLRQ IHDWXUH VHWVSDUWLWLRQ
EDVHG YLHZ FRQVWUXFWLRQ DQG RWKHU IHDWXUH VHW SDUWLWLRQPHWKRG >@ ,Q5DQGRPEDVHG YLHZ FRQVWUXFWLRQ D VHW RI
IHDWXUHVLVUDQGRPO\VSOLWLQWRVXEVHWVZKHUHVXEVHWVPD\EHGLVMRLQHG5DQGRPVSOLWIRUWKHYLHZFRQVWUXFWLRQGRHV
QRWHQVXUHWKHEHWWHUSHUIRUPDQFHRI0(/LQFRPSDULVRQ WRVLQJOHYLHZOHDUQLQJ>@7DRHWDO>@UHGXFHGWKH
GLVFUHSDQF\ EHWZHHQ WUDLQLQJ GDWD VL]H DQG IHDWXUH YHFWRU OHQJWK ZKLFK VROYHV WKH UHODWHG RYHUILWWLQJ 5DQGRP
VXEVSDFH PHWKRG 560 KDV EHHQ SURSRVHG XVLQJ DJJUHJDWLRQ DQG ERRWVWUDSSLQJ >@ ,Q >@ $WWULEXWH EDJJLQJ
$%KDVEHHQSURSRVHGWRILQGWKHDSSURSULDWHVL]HRIIHDWXUHVIRUWKHSDUWLWLRQDQGWRFRQVWUXFWWKHUHTXLUHGYLHZV




)RU YLHZ HYDOXDWLRQ WKH FRQGLWLRQDO YLHZ HQWURS\ KDV EHHQ SURSRVHG E\ &KULVWRXGLDV >@ WR ILOWHU VXEVHWV
0XVOHD>@SURSRVHGYLHZVXIILFLHQF\DOJRULWKPIRUWKHSUHGLFWLRQSURSRVH+HWHURVFHGDVWLF%D\HVLDQ&R7UDLQLQJ






'DWDVHWܦ LV XVXDOO\ UHSUHVHQWHG DV D݉ ൈ ݊ GDWD PDWUL[ ZKHUH݉ DQG݊ FRUUHVSRQG WR QXPEHU RI WXSOHV DQG
DWWULEXWH LQ WKH GDWD UHVSHFWLYHO\ 7KH GDWD VHWܦKDYH DWWULEXWHV VHWܣ ൌ ሼܽଵǡ ܽଶǡ ܽଷǡ ǥ ǡ ܽ௡ሽ ZKHUH݀݋݉ሺܽ௜ሻ ൌ
ሼݒ௜ǡଵǡ ݒ௜ǡଶǡ ݒ௜ǡଷǡ ǥ ǡ ݒ௜ǡȁௗ௢௠ሺ௔೔ሻȁሽ ,QVWDQFH VSDFH RI GDWDVHW LV WKH FDUWHVLDQ SURGXFW RI DOO WKH LQSXW DWWULEXWHV VHW ܣ
GHILQHGDVLQHT
ܦ ൌ ݀݋݉ሺܽଵሻ ൈ ݀݋݉ሺܽଶሻ ൈ ݀݋݉ሺܽଷሻ ൈ ǥൈ ݀݋݉ሺܽ௡ሻ ൈ ݀݋݉ሺܻሻ««««««««
ZKHUH݀݋݉ሺݕሻ ൌ ሼݕଵǡ ݕଶǡ ݕଷǡ ǥ ǡ ܿȁௗ௢௠ሺ௬೔ሻȁሽDUHFDWHJRULFDOODEHOV
7KHSDUWLWLRQRIGDWDVHWLVWKHFROOHFWLRQRIVXEVHWVRIWKHIHDWXUHVVHWZKLFKLVGHILQHGDVLQ'HILQLWLRQ>@

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'HILQLWLRQ)HDWXUH6HW3DUWLWLRQ>@
³/HWDGDWDVHWܦKDYHQRQHPSW\IHDWXUHVVHWܣ ൌ ሼܽଵǡ ܽଶǡ ܽଷǡ ǥ ǡ ܽ௡ሽ$SDUWLWLRQRIܣLVDQRQHPSW\FROOHFWLRQRI
WKHQRQHPSW\VXEVHWVRIܣߨ஽ ൌ ሼܣ௜ȁ݅ א ܫሽVRWKDW׫ ሼܣ௜ȁ݅ א ܫሽ ൌ ܣDQGܣ௜ ת ܣ௝ ൌ ׎DQG݅ ് ݆Ǣ ݆ א ܫǢ ͳ ൑ ܫ ൑
݊ZKHUHܫLVDQLQWHJHUDQGHDFKVXEVHWܣ௜RIߨ஽LVDEORFNRISDUWLWLRQ݅௧௛YLHZRIWKHGDWDVHW´
7KHODEHOHGYLHZVXEWDEOHRIWKHGDWDVHWFDQEHZULWWHQDVLQHT
ܦ௜ ൌ ܣ௜ ൈ ܻ ൌ ܽ௜ǡଵ ൈ ܽ௜ǡଶ ൈ ܽ௜ǡଷ ൈ ǥൈ ܽ௜ǡ௣ ൈ ܻǥǥǥǥǥǥ Ǥǥǥǥǥǥǥǥǥǥ ሺʹሻ
ZKHUH݌ ൏ ݊WKHLQGXFHU݂LVDSSOLHGWROHDUQZLWKHDFKLWKYLHZܣ௜RIWKHGDWDVHWZKHUH݅ ൌ ͳǡ ʹǡ ͵ǡ ǥ ǡ ݇ZKLFKLV
GHILQHGDVLQHT
݂ ׷ ܦ௜ ՜ ܻǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥǥ Ǥ ሺ͵ሻ
7KHUHIRUHDVHWRIFODVVLILHUVFDQEHGHQRWHGDVܨగವ ൌ ሼ݂ሺܦ௜ሻȁ݅ ൌ ͳǡʹǡ͵ǡ ǥ ǡ ݇ሽ ൌ ሼ݂ሺܦଵሻǡ ݂ሺܦଶሻǡ ݂ሺܦଷሻǡ ǥ ǡ ݂ሺܦ௞ሻሽ
ZKLFKFRUUHVSRQGVWRHDFKYLHZRI WKHGDWDVHW IRUߨ஽SDUWLWLRQ7KHFODVVLILHURIDYLHZPD\EHGLIIHUHQW IURPWKH
RWKHUYLHZ
,Iǡݏ௜ ൌ ሺܽ௜ǡଵǡ ܽ௜ǡଶǡ ܽ௜ǡଷ ǥ ܽ௜ǡ௣ሻܦ௜ǤͶǣ


















ൌ ͳ െ ܧݎݎ ǥǥǥǥǥǥǥǥǥǥǥǥǥǥ ሺ͸ሻ
/HWWKHZHLJKWRIWKH݅௧௛FODVVLILHUEHGHQRWHGDVߙ௜ ൌ ܣܿܿ௜DQGOHWWKHZHLJKWHGYRWHEHGHQRWHGE\ܥ௝ሺݏ௜ሻIRU
FODVVݕ௝ǡǤ͸ǣ












RI SDUWLWLRQ WKHQ݇QXPEHU RI EORFNV KDV UHOHYDQW IHDWXUHV DQGሺ݇ ൅ ͳሻ௧௛ EORFN RI SDUWLWLRQ ߨ஽ KDV LUUHOHYDQW
IHDWXUHV݇ QXPEHU RI EORFNV RI SDUWLWLRQߨ஽ FDQ EH LGHQWLILHG UDWLRQDOO\ ZKLFK PD\ EH LGHQWLILHG E\ V\VWHP
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9WHPS  ௜ܸ ׫^$DWWU`DGGLQJDWWULEXWHWKHLWKYLHZV
ܣܿ௧௘௠௣௜   ௜݂ 9WHPS(YDOXDWLRQRIIHDWXUHVXEVHW9WHPS
ZKHUHFODVVLILFDWLRQDFFXUDF\LVVXEVHWHYDOXDWLRQPHDVXUH

















௜ܸ ZRXOG EH WKH FDQGLGDWH YLHZ IRU ܣ௔௧௧௥  LIሺܣܿ௧௘௠௣௜ െ ܣܿ௜ሻ LV PD[LPXP DPRQJ WKH UHPDLQLQJ YLHZV 7KHQ
DWWULEXWHܣ௔௧௧௥LVDGGHGWR ௜ܸ)RUWKHQH[Wܣ௔௧௧௥IURPWKHUHPDLQLQJDWWULEXWHVWKHVDPHVWHSVDUHIROORZHGLQHDFK








61 'DWDVHWV 1XPEHURI6DPSOHV 1XPEHURI$WWULEXWHV 1XPEHURIODEHOV
 %UHDVW7LVVXH   
 *ODVV   
 ,RQRVSKHUH   
 /HDI   
 0RYHPHQW/LEUDV   
 0XVN'DWD   
 0XVN'DWD   
 3DUNLQVRQ   
 63(&7)   
 63(&7   
 6RQDU   
 :LQH   
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([SHULPHQWDO'HVLJQ
7KH 6HUYHU YHUVLRQ RI0DWODEE ELW KDV EHHQ XVHG IRU WKH LPSOHPHQWDWLRQ RI WKH SURSRVHG PHWKRG
.111%DQG690EDVHGFODVVLILHUVDUHLQFOXGHGIURPHDFKRIWKH݇YLHZVIRUOHDUQLQJSXUSRVH>@3HUIRUPDQFH
ZHLJKWLQJHQVHPEOHPHWKRGLVDSSOLHGWRHQVHPEOHWKHYLHZEDVHGFODVVLILHUV*HQHUDOFODVVLILFDWLRQDFFXUDFLHVDUH
REVHUYHG E\ SHUIRUPLQJ IROG FURVV YDOLGDWLRQ IRU WHQ WLPHV 7KH VDPH VHWWLQJ KDV EHHQ GRQH IRU DOO GDWDVHWV
5)63DQG9&*$PHWKRGDUHLPSOHPHQWHGIRUFRPSDULVRQVIRU2)63PHWKRG7KHIHDWXUHVVHWܣLVSDUWLWLRQHGLQWR
݇EORFNV RI SDUWLWLRQHG IRU WKH 5)63 PHWKRG VXFK DVڂ ܣ௜ ൌ ܣǢ௞௜ୀଵ DQGܣ௜ ת ܣ௝ ൌ ׎ǢZKHUH݅ ് ݆Ǣ ݅ǡ ݆ ൌ ͳǡʹǡ ǥ ǡͷ
)RUWKH9&*$PHWKRGWKHFKURPRVRPHVOHQJWKLVHTXDOWR WKHQXPEHURIDWWULEXWHVLQWKHGDWDVHWZKHUHELWVDUH
DVVRFLDWHGZLWKIHDWXUHV7KHFKURPRVRPHVDUHLQLWLDOL]HGUDQGRPO\6L]HRISRSXODWLRQDQGRIIVSULQJDUHXVHG
DQG  UHVSHFWLYHO\ &URVVRYHU DQG PXWDWLRQ SUREDELOLW\ DUH XVHG  DQG  UHVSHFWLYHO\ 7RS݇ ൌ ͳǡʹǡ ǥ ǡ ͷ
FKURPRVRPHV DUH XVHG IRU WKH UHVSHFWLYH QXPEHU RI YLHZV )RU QRQSDUDPHWULF VWDWLVWLFDO DQDO\VLV WKH UHVXOWV RI
0(/)ULHGPDQ$OLJQ WHVW LVSHUIRUPHGRQUHVXOWVRIFODVVLILFDWLRQDFFXUDF\>@DQG+ROPSURFHGXUH>@ LV
SHUIRUPHGIRUWKHSRVWKRFWHVW7KHPRUHQRQSDUDPHWULFWHVWVFDQEHVWXGLHGIURP>@
5HVXOWV
7KH ER[SORWV RI FODVVLILFDWLRQ DFFXUDFLHV RI 0(/ XVLQJ 5)63 9&*$ DQG 2)63 PHWKRG DUH VKRZQ LQ WKH
)LJXUH IRU WZHOYH GDWDVHWV 7KH1XPEHU   DQG  RQ WKH [D[LV VKRZ WKH5)639&*$ DQG2)63PHWKRG
UHVSHFWLYHO\ DQG WKH \D[LV VKRZV WKH FODVVLILFDWLRQ DFFXUDF\ RI 0(/ LQ SHUFHQWDJH )LJXUHD )LJXUH DQG
)LJXUHVKRZWKHER[SORWVRIFODVVLILFDWLRQDFFXUDFLHVRI0(/XVLQJ.111%DQG690DOJRULWKPVUHVSHFWLYHO\






JUHDWHU WKDQ 5)63 DQG 9&*$ PHWKRGV IRU DOO GDWDVHWV H[FHSW 3DUNLQVRQ DQG 63(&7 GDWDVHWV 0LQLPXP
FODVVLILFDWLRQ DFFXUDFLHVRI0(/XVLQJ2)63PHWKRG DUHEHWWHU WKDQ5)63DQG9&*$PHWKRGV IRU DOO GDWDVHWV





*ODVV ,RQRVSKHUH DQG63(&7GDWDVHWV WKH FODVVLILFDWLRQ DFFXUDFLHV RI0(/XVLQJ2)63PHWKRG DUH EHWWHU WKDQ
RWKHUIHDWXUHVHWSDUWLWLRQLQJPHWKRGVIRUDOOGDWDVHWV
)LJXUHFVKRZVWKHER[SORWVRIFODVVLILFDWLRQDFFXUDFLHVRI0(/XVLQJ5)639&*$DQG2)63PHWKRGIRU
WZHOYHGDWDVHWVZKHUH690FODVVLILHU LVXVHG IRU OHDUQLQJSXUSRVH7KHPHGLDQRI0(/FODVVLILFDWLRQDFFXUDFLHV
XVLQJ2)63PHWKRGDUHEHWWHUWKDQ5)63DQG9&*$PHWKRGVIRUDOOGDWDVHWVZLWKDQH[FHSWLRQRI([FHSW*ODVV
0XVN0XVN 3DUNLQVRQ DQG 63(&7 GDWDVHWV %UHDVW WLVVXH /HDI0RYHPHQW /LEUD 6RQDU DQG:LQH DUH WKH
GDWDVHWVZKHUHWKHPLQLPXPFODVVLILFDWLRQDFFXUDFLHVRI0(/XVLQJ2)63PHWKRGDUHEHWWHUWKDQ5)63DQG9&
*$PHWKRGV7KHPD[LPXP0(/FODVVLILFDWLRQDFFXUDFLHVXVLQJ2)63PHWKRGDUH JUHDWHU WKDQRWKHU IHDWXUH VHW
SDUWLWLRQLQJPHWKRGVIRU%UHDVWWLVVXH,RQRVSKHUH3DUNLQVRQ63(&7)63(&7)6RQDUDQG:LQHGDWDVHWV





EHWWHU WKDQ5)63 DQG9&*$PHWKRGVZKHUH.111% DQG690FODVVLILHU DUH XVHG IRU OHDUQLQJ UHVSHFWLYHO\
7KHUHIRUHLWFDQEHFRQFOXGHGWKDWWKHFODVVLILFDWLRQSHUIRUPDQFHRI0(/XVLQJ2)63PHWKRGLVEHWWHUWKDQ5)63
DQG9&*$PHWKRG
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)RUP7DEOHLWFDQEHREVHUYHGWKDWWKHUDQNVRI2)63PHWKRGDUHOHVVWKDQ5)63DQG9&*$PHWKRGVIRUDOO
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